Abstract. Cutaneous leishmaniasis (CL) by Leishmania braziliensis is associated with decreasing cure rates in Brazil. Standard treatment with pentavalent antimony (Sb v ) cures only 50-60% of the cases. The immunopathogenesis of CL ulcer is associated with high interferon-γ and tumor necrosis factor ( TNF) production. Pentoxifylline, a TNF inhibitor, has been successfully used in association with Sb v in mucosal and cutaneous leishmaniasis. This randomized, double-blind, and placebo-controlled trial aimed to evaluate the efficacy and safety of oral pentoxifylline plus Sb v versus placebo plus Sb v in patients with CL in Bahia, Brazil. A total of 164 patients were randomized in two groups to receive the combination or the monotherapy. Cure rate 6 months after treatment was 45% in the pentoxifylline group and 43% in the control group. There was also no difference between the groups regarding the healing time (99.7 ± 66.2 days and 98.1 ± 72.7 days, respectively). Adverse events were more common in the pentoxifylline group (37.8%), versus 23% in the placebo group. This trial shows that Sb v combined therapy with pentoxifylline is not more effective than Sb v monotherapy in the treatment of CL caused by L. braziliensis.
INTRODUCTION
Cutaneous leishmaniasis (CL) caused by Leishmania braziliensis is the most frequent form of American tegumentary leishmaniasis in Brazil. 1 Monotherapy with pentavalent antimony (Sb v ) has been the standard treatment for decades with an increasing rate of failure in up to 47% of the cases. 2 Several data show that the host immune inflammatory response is associated with the development of CL ulcers: early treatment of preulcerative lesions with Sb v does not avoid the ulcer development 3 ; activated T cells associated with interferon (IFN)-γ and tumor necrosis factor ( TNF) production correlates with ulcer size 4 ; production of IFN-γ and TNF decreases after treatment and cure 5 ; and the number of local CD8 + cells producing granzyme A correlates with the inflammatory infiltrate intensity. 6 Therefore, targeting of inflammatory cytokines like TNF should be a useful approach to a better or a more efficient treatment of CL. Due to its capacity to inhibit TNF production, pentoxifylline was associated with Sb v in the treatment of mucosal leishmaniasis (ML) refractory cases with success. 7 This association also increased the cure rate of ML when compared with Sb v monotherapy, 8 as well as in CL caused by Leishmania major. 9 More recently, we have shown that pentoxifylline plus Sb v therapy induced a lower peripheral production of TNF in association with cure in a small group of subjects with CL caused by L. braziliensis. Study design. Subject selection. This study was conducted in the health post of Corte de Pedra, an endemic area for L. braziliensis, in Bahia, Brazil. The inclusion criteria were the presence of 1-3 ulcerated lesions measuring 1-5 cm of diameter with less than 90 days, in a subject 18-50 years of age. CL diagnosis was confirmed by a positive Leishmania skin test associated with parasite documentation with one of these methods: positive polymerase chain reaction (PCR) or culture to Leishmania; presence of amastigotes in histopathology. The exclusion criteria were evidence of severe underlying disease (cardiac, renal, hepatic, or pulmonary), including serious infection other than CL; immunodeficiency or antibody to human immunodeficiency virus; pregnancy or lactation.
Intradermal skin test. The volar surface of the left forearm was injected with 25 mg of antigen obtained from Leishmania amazonensis strain (MHOM-BR-86BA-125) in 0.1 mL of distilled water, and the largest diameter of induration was measured at 48 hours. The test was considered positive for induration greater than 5 mm.
Parasite culture. Needle aspiration of the ulcer border was performed, and aspirates were cultured in NicolleMcNeal-Novy medium overlaid with modified liver infusion tryptose medium. Cultures were kept at 25°C and examined weekly for Leishmania identification.
PCR for Leishmania DNA. DNA isolation was carried out from biopsy samples using the Wizard Genomic DNA purification kit (Promega Corporation, Madison, WI). Purified DNA was resuspended in Tris-ethylenediamine tetraacetic acid buffer and stored frozen at 22°C until use. For the detection of the subgenus Viannia, we applied the primers 59-GGGGT!TGGTGTAATATAGTGG-39 and 59-CTA ATTGTGCACG-39. For Leishmania genus detection, we have used the primers 59 (G/C)(G/C)(C/G)CC(A/C)CTAT(A/T) of 1,215 mg) to both groups. The study group was treated simultaneously with pentoxifylline (400 mg, three times daily for 20 days), whereas the placebo group received inert pills (three times daily for 20 days) with the same aspect of pentoxifylline. Patients returned the blisters during and after treatment for regular use checking. Study procedures. Twenty milliliters of peripheral venous blood was collected from each patient before and 15 days after initiation of treatment to perform a complete hemogram, and tests for aminotransferases (aspartate aminotransferase, alanine aminotransferase), urea, and creatinine. All women in child-bearing age were submitted to betahuman chorionic gonadotropin test to exclude pregnancy. All patients were submitted to incisional biopsy on the border of the ulcer.
Follow-up schedule. Patients were followed up at 2 weeks, 1, 2, 3, and 6 months posttherapy. Patients that did not return for follow-up were visited at home the same day or within 7 days of the missed appointment.
Clinical outcomes. The primary outcome was cure without relapse at 6 months after completion of treatment. Secondary outcomes were 1) cure at 2 months after the end of treatment, and 2) data from clinical and laboratory adverse events (AEs). All lesions were also categorized as either active or healed (cured) at follow-up visits. Only lesions with complete reepithelialization, without raised borders or infiltrations were considered cured. Two physicians who were unaware of the group assignment independently examined the patients on all visits. Clinical and laboratory AEs were graded according to the Common Terminology Criteria for Adverse Event v3.0 of the National Cancer Institute (ctep. cancer.gov/protocolDevelopment/electronic_applications/ docs/ctcaev3.pdf).
Sample size and statistical analysis. For this superiority trial, the sample size was calculated assuming an expected 25% difference between groups with α = 0.05 and a power of 80%. Comparisons between groups were done by parametric and nonparametric methods as appropriate. The intention-to-treat (ITT) analysis was used to calculate the cure rates. No deviations were accepted for the final analysis. Statistical analyses were performed using GraphPad Prism 6.00 (GraphPad Software, San Diego, CA).
RESULTS
A total of 164 CL patients were included in the trial from December 2010 to October 2013 ( Figure 1 ). The patients ranged in age from 18 to 62 years with a predominance of male sex in the groups. The number and size of lesions were similar in both groups (Table 1) . Amastigotes were described in the histopathology in 23% of cases, a Leishmania-positive culture was obtained in 26% of patients, whereas PCR identified L. braziliensis in the majority of subjects (62%). The groups did not differ regarding Leishmania identification.
Efficacy. Two months after the end of the treatment, 43% (35/82) of patients in the Sb v group were cured, compared with 48% (39/82) in the pentoxifylline group (P = 0.70). The cure rates at 6 months of follow-up were 43% (35/82) in the Sb v group and 45% (37/82) in the pentoxifylline group (P = 0.64) ( Table 2 ). The mean time to cure was 99.7 ± 66.2 days in the Sb v group and 98.1 ± 72.7 days in the pentoxifylline group. A reactivation of the ulcer was observed despite regular use of the treatment in two subjects in the pentoxifylline group, between 2 and 6 months after the end of the treatment. These cases were considered as failures at 6 months by ITT analysis. One patient in the pentoxifylline group interrupted treatment and was considered as failure at 2 and 6 months by ITT.
Toxicity and tolerability. In general, AEs were more common in the Sb v plus pentoxifylline group (31 patients) than in Sb v plus placebo group (19 patients). However, severe AEs were more common in the placebo group (nine patients) when compared with the pentoxifylline group (one patient) ( Table 3 ). The most common side effects observed in pentoxifylline group were myalgia (11 patients), headache (nine patients), nausea (seven patients), and arthralgia (seven patients). In the placebo group, it was arthralgia (10 patients) and myalgia (six patients). No cardiological AE was documented in both groups.
DISCUSSION
The treatment of CL caused by L. braziliensis is associated with a higher therapeutic failure when compared with CL due to other Leishmania species. 11 Considering that the host inflammatory immune response associated with high TNF-α production is related to tissue damage in ML and CL, the combination of pentoxifylline to Sb v has been evaluated in several studies. For instance, this association was able to cure nine of ten refractory ML subjects, 7 increased the cure rate of ML when compared with Sb v monotherapy in a randomized and controlled trial, 8 and cured two refractory CL cases. 12 In CL caused by L. major, a clinical trial conducted in Iran showed that the group treated with Sb v and pentoxifylline had a higher cure rate than subjects treated with Sb v monotherapy. 9 More recently, our group showed in a pilot trial that although Sb v -pentoxifylline association in CL was not associated with a higher cure rate, it decreased TNF levels and IFN-γ significantly when compared with treatment with Sb v and placebo. 10 We have also documented that CXCL-9 levels increased during treatment in both groups, but in a lesser extent in subjects using the association. Therefore, this modulation in the inflammatory immune response could have a positive impact in therapeutic outcome. Based on these previous data, we designed this clinical trial in a larger number of patients, with power to confirm that the association could benefit CL caused by L. braziliensis and be indicated as standard therapy to replace Sb v monotherapy. However, our study did not show a higher cure rate and better therapeutic outcome in the subjects treated with pentoxifylline and Sb v . Pentoxifylline is considered a safe drug, with the main side effects related to gastrointestinal complaints (nausea, vomiting, and diarrhea) and without cardiac toxicity described, 8, 9 favoring the association with Sb v . Although a higher rate of AEs were described in the pentoxifylline group, severe toxicity were documented mainly in the placebo group, confirming that Sb v therapy is as ineffective as toxic and should be replaced with safer and more effective drugs. A possible limitation of this study is the monthly follow-up schedule which does not allow a precise determination of the time to cure. We conclude that although associated immunotherapy with pentoxifylline is useful in the treatment of ML, it should not be indicated to treat patients with CL caused by L. braziliensis. 
